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A method for manufacturing an optical fiber (100) having low PMD, comprises the 
steps of: a) heating at least one end portion (3a) of a preform (3); (b) drawing an optical 
fiber (100) from a free end of said heated end portion (3a) along a fiber drawing axis (I-I); 
c) coating said optical fiber (100) with a suitable coating material; d) applying to said coated 
optical fiber ( 100) a torque about said fiber drawing axis (I-I); e) winding said coated optical 
fiber (100) onto a collecting spool (9). According to the invention, step d) is carried out by 
means of a pulley (16) supported upstream of said collecting spool (9) and rotated about 
the fiber drawing axis (I-I), said optical fiber (100) being wound up onto said pulley (16) 
for an angle of at least about 360 °. Advantageously, such method also allows to notably 
increase the amount of optical fiber produced per unit of time with respect to the prior art. 
Disclosed is also an apparatus for carrying out the method and a device for applying torque 
to the fiber comprising a pulley. 
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METHOD AND APPARATUS FOR TWISTING A COATED OPTICAL FIBER DURING DRAWING FROM A PREFORM 

D ESCRIPTION 

FIELD OF THE INVENTION 

The present invention relates, in a first aspect thereof, 
to a method for manufacturing an optical fiber from a 
preform, comprising the steps of: 

a) heating at least one end portion of said preform; 

b) drawing an optical fiber from a free end of said 
heated end portion along a fiber drawing axis; 

c) coating said optical fiber with a suitable coating 
material ; 

d) applying to said coated optical fiber a torque about 
said fiber drawing axis, 

e) winding said coated optical fiber (100) onto a 
collecting spool (9). 

More specifically, this invention relates to a method for 
manufacturing an optical fiber having low PMD for use in 
telecommunication field . 

The present invention also relates to a device for applying 
a torque to an optical fiber about its drawing axis, as 
well as to an apparatus for carrying out the above- 
mentioned method. 

PRIOR ART 

As is known, in signal transmission systems using optical 
fibers, above all in those systems operating over long 
distances, the need arises of minimizing any kind of 
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attenuation or dispersion of the signals, in order to 
assure high transmission and reception standards. In 
particular, the need arises of minimizing a specific 
dispersion phenomenon known as PMD (Polarization Mode 
5 Dispersion) , that implies a restriction in the width of the 
signal transmission band and, accordingly, a worsening in 
the performances of the optical fibers through which the 
above-mentioned signals are transmitted. 

As is known, the fundamental propagation mode of a signal 

10 in an optical fiber may be seen as the resultant of two 
linearly polarized waves on orthogonal planes. 
Theoretically, in a perfectly symmetric circular section 
fiber (i.e., in monomode fibers) the propagation constants 
of the two components are identical and therefore the mode 

15 propagates unaltered and according to a cylindrical 
symmetry along the fiber itself, with the two components 
traveling at the same speed. In contrast thereto, however, 
optical fibers possess in practice structural and 
geometrical irregularities that, by altering the above- 

2 0 mentioned cylindrical symmetry, bring about asymmetric 
stress conditions in the fibers themselves and anisotropy 
in their optical properties; accordingly, the two mode 
components meet zones with different refraction index and 
travel with different propagation speeds, thus causing the 

2 5 PMD phenomenon. 

A parameter of particular importance in this respect, is 
the so-called coherence length or fiber beat length, that 
is, the necessary length of fiber needed for the two 
components of the fundamental mode to get in phase again 
30 with one another. 

Other than by structural and/or geometrical defects which 
are intrinsic in the fiber, such as, for example, the 
presence of not perfectly circular cores, the PMD 
phenomenon may also be originated by asymmetric stress 
35 conditions caused by . outer stresses such as, for example, 
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those generated in operation during the spool winding or 
wiring steps . 

It has been experimentally shown that it is possible to 
reduce the PMD of an optical fiber by submitting the latter 
5 to suitable external stresses during the drawing process, 
in particular by applying a torque to such an optical 
fiber. 

To this end, various devices and methods for manufacturing 
an optical fiber having low PMD have been proposed in the 

10 past, the earlier ones based upon the technique of rotating 
the preform (a technique which was soon abandoned due to 
the evident technological difficulties and to the 
impossibility of obtaining high rotational speed) , the most 
recent ones based upon the technique of applying during the 

15 drawing process a torque to the fiber about its axis (fiber 
spinning/twisting) . 

Therefore, for example, US Patent No. 4,504,000 (Thomson - 
CSF) discloses a method for manufacturing an optical fiber 
having a chiralic structure with high circular 

20 birefringence, wherein an equipment provided with three 
pulleys applies to a fiber produced from a heated portion 
of a preform a torque about the axis thereof. The applied 
torque is subsequently "frozen" in the fiber structure by 
means of a suitable coating film, in glass or glass- 

25 ceramic, applied on the fiber itself in a dedicated coating 
station . 

A drawback associated to the above disclosed method is 
connected to the high risk of damaging the fiber surface 
due to the fact that the latter gets in touch with the 
30 above mentioned pulleys before being properly protected by 
a suitable coating film. 

In order to overcome the above mentioned drawback it has 
been proposed, as disclosed in US Patents No. 5,298,047 and 
5,418,881 (AT&T) , to arrange the device adapted to apply 
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the torque to the fiber downstream of the coating station. 
In particular, in the above mentioned patents, torque is 
applied by means of a fiber guiding roll having a rotation 
axis which extends perpendicularly to the drawing axis of 
5 the fiber and which is alternatively canting in clockwise 
and counterclockwise direction. 

Although substantially achieving the object of reducing the 
PMD of the fiber, the Applicant has however noticed that 
the above disclosed method shows a series of drawbacks to 
10 which no adequate solution has been given up to now. 

A first drawback observed by the Applicant is connected to 
the need of limiting the canting frequency of the guiding 
roll in order to avoid that, during the drawing process, a 
relative sliding between the optical fiber and the roll 

15 could take place. Actually, there are two reasons for such 
a sliding to be particularly disadvantageous: firstly 
because it could cause a mechanical abrasion of the optical 
fiber surface and, accordingly, a worsening of the 
mechanical resistance properties and of the performances of 

20 the fiber itself; secondly, because it does not allow the 
torque to be imparted to the optical fiber according to a 
desired law of variation, thus limiting the advantageous 
effects given by the applied twisting regarding the 
reduction of the PMD phenomenon. 

25 The limitation of the canting frequency of the guiding roll 
implies, furthermore, a corresponding limitation in the 
drawing speed of the fiber (the two speeds being 
unavoidably related to one another in order to apply the 
desired torque to the fiber) and, therefore, a limitation 

30 in the amount of fiber produced per unit of time. 

A further drawback associated with the above disclosed 
method is connected to the fact that the oscillations of 
the fiber during the drawing may induce displacements of 
the drawing axis which cause undesired fluctuations in the 
35 diameter of the fiber produced or unevenness and/or 
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imperfect coaxiality between the fiber and the coating 
layer applied thereon. 

Furthermore, such method does not allow to apply a 
continuous unidirectional rotation to the optical fiber, 
5 because the device which is used necessarily imparts an 
alternate twisting to the optical fiber. 

Other methods are known for the manufacture of optical 
fibers, comprising the step of applying a torque to the 
fiber about its drawing axis and "freezing" the applied 
10 torque by means of a suitable coating film before the fiber 
reaches the twisting means are also disclosed by Japanese 
Patent Application No. JP 58-020746 and by German patent DE 
3010005 . 

JP 58-020746 discloses a method for the manufacture of 
15 optical fibers adapted to maintain a single mode circular 
polarization of the fiber, that is a method wherein the 
plane of polarization is uniformly rotated across the 
length of the fiber itself. In order to produce the 
birefringence required for the circularly polarized mode, 
2 0 the fiber is drawn from the free end of the preform by 
drawing means located upstream of the coating station and 
the twist is imparted to the fiber by means of a collecting 
spool located downstream of a coating station. 

Similarly, German Patent DE 3010005 discloses a method for 
25 the manufacture of twisted optical fibers wherein the fiber 
is drawn and twisted by means of a collecting spool located 
downstream of a number of coating stations. 

According to the above disclosed methods, the twist is 
however imparted to the solidified fiber in the region 
30 between said drawing means and said collecting spool, being 
thus prevented from reaching the softened bottom end of the 
preform. 



A further drawback associated to the above disclosed method 
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is connected to the high mass and inertia of the collecting 
spool used for imparting the torque to the fiber, which 
does not allow to increase the rotation speed of the spool 
(and hence the drawing speed of the fiber) , as well as to 
5 reliably apply a desired law of torque variation to the 
fiber. Besides, there is the need of translating the spool 
(or providing suitable means) for allowing the fiber be 
collected thereon . 

Finally, Japanese Patent Application No. JP 06-239642 
10 discloses a method for the manufacture of optical fiber 
bundles, wherein a twist is imparted to a number of fibers 
in order to obtain helically twisted fibers which, once 
they are collected together to form a bundle, have ends 
randomly positioned at the incident and emergent sides of 
15 the bundle. The twist is imparted, for example, by a 
caterpillar located upstream of the collecting spool; the 
caterpillar is also used to draw the fiber from the 
preform. 

The object of the above disclosed method is quite different 
20 from the one of the present invention. In fact, for 
achieving the above mentioned object, fibers having a 
helical extension along the axial direction are 
manufactured. 

Also in this case and because of the high mass and inertia 
25 of the caterpillar used for imparting the torque to the 
fiber, however, it is not possible to increase the rotation 
speed of the caterpillar (and hence the drawing speed of 
the fiber) as well as to reliably apply to the fiber a 
desired law of torque variation. 

3 0 SUMMARY OF THE INVENTION 

The applicant has now discovered a method and an apparatus 
that allow the manufacture of an optical fiber having low 
PMD, while overcoming at the same time the above mentioned 
drawbacks of the cited prior art. 
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According to a first aspect thereof, the present invention 
relates to a method of the type mentioned hereinabove, 
which is characterized in that the application to the above 
mentioned coated fiber of the torque about the drawing axis 
5 of the fiber is carried out by means of a pulley which is 
supported upstream of the collecting spool and rotated 
about the drawing axis of the fiber and on which said 
optical fiber is wound up with an angle substantially equal 
to at least 360° . 

10 Advantageously, the method of the present invention allows 
to achieve the desired fiber twisting without compromising 
its properties of mechanical resistance and, in the 
meantime, allows to obtain a high drawing speed for the 
same, thus increasing the production of optical fiber per 

15 unit of time. Differently from the known methods, in fact, 
in the method according to the present invention the fiber 
is wound up for at least about 360° and in substantial 
absence of sliding onto a member adapted to apply the 
desired twisting to the fiber itself (pulley) ; this allows 

20 to increase the rotation speed of the pulley itself (and 
hence the drawing speed of the fiber) without incurring in 
the risk of having relative sliding between the pulley and 
the fiber. Further on, the absence of such sliding allows 
to apply to the fiber the desired law of torque variation. 

25 Advantageously, the absence of any form of oscillation also 
allows to avoid any interference with the step of applying 
the coating layer onto the fiber, whereby the layer is thus 
homogeneously distributed over the entire surface of the 
fiber. 

30 The above mentioned pulley may be rotated about the drawing 
axis of the optical fiber according to a unidirectional 
movement, with a constant or varying rotation speed, such 
as by way of example a speed varying according to a 
sinusoidal pattern from a maximum value down to a minimum 

35 value, which may eventually be equal to zero. 



• 
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Alternatively, the above mentioned pulley may be rotated 
about the drawing axis of the optical fiber according to an 
alternate movement, in clockwise and counterclockwise 
direction, respectively. In this instance as well, it may 
5 be foreseen a constant rotation speed, by applying such 
speed first according to a spin direction, then reversing 
the spin direction and applying the same speed value in the 
opposite direction. A varying speed pattern will instead 
consist of a speed variation, for example according to a 
10 sinusoidal pattern, from a maximum value in one direction 
to a maximum value in the opposite direction, passing 
through a zero speed value at the point in which the 
inversion of rotation takes place. 

Advantageously, an alternating rotation speed is applied to 
15 the pulley. This allows to prevent the presence of residual 
torsions on the fibers wound onto the collecting spool 
(i.e. the collected fiber is substantially torsion- free) , 
thus making easier both the unwinding and wiring operations 
of the same. 

20 In the following description and in the appended claims, 
the term: "twisting pitch" is used to indicate the linear 
distance measured along the outer surface of the fiber 
between two sections thereof to which the same rotation 
pattern is imparted. 

25 Preferably, the optical fiber is drawn from the preform in 
a way known per se, though it is in this case possible to 
apply a drawing speed of the fiber considerably higher than 
that achievable by the devices of the prior art. This 
allows to achieve a considerable increase of optical fiber 

30 production per time unit. Compatibly with the other 
components in the drawing system, with the method of the 
present invention it is in fact possible to apply a drawing 
speed of, by way of example, 15 m/sec, 2 0 m/sec, 2 5 m/sec 
or even 3 0 m/s, without any undesired effects on the 

35 twisting of the fiber. 
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In any case, it should be noted that the above mentioned 
limit value for the drawing speed of the fiber is related 
to the drawing techniques actually employed, and is not 
determined by the structural features of the twisting 
5 device whereon the pulley is installed. 

In a second aspect thereof, the present invention relates 
to a device for applying to an optical fiber, drawn at a 
predetermined speed from a heated end of a preform, a 
torque about a fiber drawing axis thereof, characterized in 
10 that it comprises an idle-mounted pulley which is rotated 
about said axis by respective driving means, said optical 
fiber being wound up onto said pulley for an angle 
substantially equal to at least 360. 

Advantageously, the device of the present invention is 
15 particularly simple from a constructional point of view and 
has a low cost. 

Preferably, the driving means of the device of the present 
invention is adapted to rotate the pulley about the fiber 
drawing axis both in a unique direction, and in clockwise 
20 and counterclockwise direction, alternately. 

Preferably, the above mentioned driving means of the pulley 
comprises a motor-driven fork-shaped supporting member, 
having a rotation axis coincident with the fiber drawing 
axis and whereon the pulley is pivoted in an offset 

25 position, in such a way as to be substantially tangent to 
said axis. The drawing directions of the fiber immediately 
upstream and downstream of the pulley are therefore 
identical, thus assuring the absence of misalignment 
conditions that cause undesired fluctuations in the 

30 diameter of the fiber produced and unevenness in the 
applied coating film. 



Advantageously, the driving means of the pulley comprises 
an electric motor kinematically connected to the pulley, 
i.e., by means of a belt transmission system. 



• 
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Advantageously, the reduced weight and the small size of 
the pulley limit the magnitude of the inertial forces 
acting on the device during twisting; in such a way, it is 
possible to achieve rotational speeds which are 
5 considerably higher than those of the devices of the prior 
art, although motors are employed which have less power and 
a lower cost . 

The winding process of the fiber onto the pulley 
substantially made in the absence of sliding therebetween, 

10 is facilitated if the pulley is provided with a suitable 
profile. In a first embodiment, the pulley is provided with 
a substantially V-shaped groove, adapted to receive the 
optical fiber, which comprises opposite side walls forming 
an angle cp in the range between 65° and 75° with the plane 

15 of symmetry n of the pulley. 

In a particularly advantageous embodiment, the groove 
comprises opposite side walls having a first radially outer 
portion forming an angle q> x in the range between 65° and 
75° with the plane of symmetry n of the pulley and a second 

2 0 radially inner portion forming an angle (p 2 in the range 
between 25° and 35° with said plane of symmetry n . 
Preferably, said first and second portions of the side 
walls are reciprocally connected by means of an 
intermediate portion having a radius of curvature in the 

2 5 range between 0 and 2 mm. Such a profile advantageously 
allows to facilitate the winding and unwinding steps of the 
fiber onto and from the pulley, respectively. 

Preferably, the groove comprises a bottom surface which is 
essentially planar, or anyway having a radius of curvature 

30 considerably larger than the radius of the optical fiber, 
in such a way that the contact between the fiber and the 
bottom surface and one of the side walls, respectively, is 
essentially reduced to a point in cross section. If the 
fiber is wound up onto the pulley for an angle 

35 substantially equal to 360°, the bottom surface of the 
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groove will also have a width adapted to allow for the 
simultaneous housing of two fiber portions lying side-by- 
side (respectively associated to a new portion of fiber 
entering into the pulley and to the portion of fiber 
5 leaving the pulley) . 

Preferably, the pulley is made of a suitable material 
adapted to develop with the optical fiber a coefficient of 
friction capable to assure a substantial absence of sliding 
during the winding up of the fiber onto the pulley. Even 

10 more preferably, such coefficient of friction is greater 
than about 0.4. In this way, it is possible to carry out a 
fiber twisting without compromising its properties of 
mechanical resistance, even for values of drawing force 
smaller than those applicable in the devices of the prior 

15 art. 

In a third aspect thereof, the present invention relates to 
an apparatus for manufacturing an optical fiber from a 
preform, comprising : 

means for heating at least one end portion of said 
2 0 preform; 

- means for drawing an optical fiber from a free end of 
said heated end portion along a fiber drawing axis; 

- at least one coating station of said optical fiber; 

characterized in that it comprises, downstream said at 
25 least one coating station, a device of the type described 
hereinabove . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further features and advantages of the present invention 
will become more readily apparent from the following 
30 detailed description of a preferred embodiment thereof, 
given hereinbelow by way of illustrative and non limitative 
example, reference being made to the accompanying drawings. 
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In such drawings: 

Figure 1 is a schematic view of an apparatus for 
manufacturing an optical fiber according to the invention; 

Figure 2 is a perspective view, in partial cross- 
5 section, of a device according to the present invention for 
applying a torque to an optical fiber; 

Figure 3 is a perspective view, in an enlarged scale 
and in partial cross-section, of a pulley mounted on the 
device of Fig. 2 and shown in an operative condition 
10 thereof; 

Figure 4 is a perspective view, in an enlarged scale, 
of a portion of the pulley of fig. 3, shown in partial 
cross-section . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

15 In Figure 1, numeral 1 indicates an apparatus for 
manufacturing an optical fiber according to the present 
invention . 

The apparatus 1 comprises a furnace 2 known per se, adapted 
to heat an end portion 3a of a silica-based preform 3, of 
20 conventional type as well, having a diameter in the range 
between about 2 and about 12 cm. Drawing means 4 (of known 
type as well) are provided downstream of the furnace 2 for 
drawing at a predetermined speed an optical fiber 100 from 
the end 3a of the preform 3 along a drawing axis I -I. 

25 The apparatus 1 is provided, between the furnace 2 and the 
drawing means 4, with a device 5 for cooling the fiber 100, 
known per se, adapted to adjust the temperature of the 
fiber 100 at the inlet of a first coating station 6, 
wherein a first layer of protective film, typically 

30 consisting of an acrylic resin, is applied (the presence of 
the cooling device 5 is particularly advantageous mainly in 
very high speed drawing processes) . A UV-ray furnace 7 for 
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crosslinking the applied resin and another pair of coating 
station 6'/UV-ray furnace 7', respectively designed to 
apply and subsequently crosslink a second layer of 
protective film, this latter typically consisting of an 
5 acrylic resin as well, are provided downstream of the first 
coating station 6. The overall thickness of the coating 
applied on the fiber 100 by the two coating stations 6, 6' 
is typically equal to about 62,5 |im. 

A twisting device 8 adapted to impart to the coated optical 
10 fiber 100 a torque about the drawing axis I -I is provided 
downstream of the furnace 7'. 

The apparatus 1 further comprises a spool 9 for collecting 
the produced optical fiber 100, located downstream of the 
drawing means 4. The collecting spool 9 is stationary with 
15 respect to the drawing axis I-I of the optical fiber 100 
and rotatably driven about its axis by suitable motor means 
in order to allow the optical fiber 100 to be wound 
thereon . 

As shown in figure 2, the twisting device 8 comprises a 
2 0 pulley 16 rotatably driven about the drawing axis I-I of 
the optical fiber 100 by a driving group 12 supported by a 
supporting plate 11 of a framework 10 by means of an 
intermediate plate 13 interposed therebetween. 

Advantageously, the intermediate plate 13 is slidingly 
25 mounted on a pair of slideways 14 fastened to the 
supporting plate 11, so that the pulley 16 and its driving 
group 12 may be adjustably positioned towards and away from 
the drawing axis I-I of the optical fiber 100. 

The pulley 16 is rotatably idle-mounted in an offset 
30 position on a forked- shaped member 15 of the driving group 
12, so as to result substantially tangent to the drawing 
axis I-I of the optical fiber 100. 



In order to rotatably drive the pulley 16, the driving 
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group 12 further comprises motor means 17, kinematically 
connected to the fork- shaped member 15, in such a way as to 
transmit to the latter a rotating movement about a rotation 
axis coincident with the fiber drawing axis I-I. 

5 More specifically, the fork-shaped member 15 is fastened to 
a pin 18 on which a driven pulley 19, kinematically 
connected by means of a belt 20 to a driving pulley 21 
keyed on a shaft 32 of the motor means 17, is fastened. 

The pin 18 and the pulley 19 are mounted in a manner known 
10 per se inside a substantially cylindrical box-shaped 
protection body 22 fixed to the plate 13. The rotation of 
the pin 18 about the rotation axis I-I is guided by a pair 
of roll bearings 23, 24 respectively associated to the box- 
shaped body 22 and to the plate 13 . 

15 The pin 18 is axially provided with a through bore 25 
adapted to allow the passage of the optical fiber 100 
leaving the pulley 16. 

Figures 3 and 4 show, in greater detail, the structural 
features of the pulley 16. This pulley is provided with a 
20 substantially V-shaped groove 26 adapted to receive during 
its operation the optical fiber 100 to be twisted. 

The groove 26 comprises a substantially planar bottom 
surface 2 7 (or anyway having a radius of curvature 
considerably greater than the radius of the fiber 100, 

25 which typically is equal to about 125 ^im) , connecting 
opposite side walls 28a, 28b. The bottom surface 27 has a 
width adapted to receive at one and the same time two 
portions of the fiber 100 lying side-by-side (associated to 
the portion of fiber 100 entering the pulley 16 and leaving 

30 the pulley 16, respectively) . 



According a preferred embodiment and in order to facilitate 
the introduction of the optical fiber 100 into the groove 
26, each side wall 28a, 28b is provided with a first 



• 
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radially outer portion 29a and 29b, forming with the plane 
of symmetry n of the pulley 16 an angle cp x in the range 
between 65° and 75°, and a second radially inner portion 
30a, 30b forming with the above mentioned plane of symmetry 
5 7i an angle cp 2 in the range between 25° and 35°. Preferably, 
the angl e q> x is about 7 0 ° , whereas the angl e <p 2 is about 
30° . 

The portions 29a, 29b are connected to the portions 30a, 
'30b by means of an intermediate portion 31a, 31b having a 
10 radius of curvature in the range from 0 to 2 mm. 

Advantageously, the pulley 16 is made of a suitable 
material adapted to generate with the optical fiber 100 a 
coefficient of friction greater than about 0.4, so as to 
assure a substantial absence of sliding during the winding 
15 up of the fiber 100 onto the pulley 16. Preferably, such 
material is a metallic material, such as for instance steel 
or aluminum, having a coefficient of friction of about 0,6. 

To reduce the moment of inertia and the loss of balance of 
the pulley while rotating about the axis of the fiber, it 

20 is particularly advantageous to use a sufficiently light 
material for the construction of such pulley, such as for 
example aluminum. On the other end, particularly if the use 
of a heavier material is desired, such as for example 
steel, it may be advantageous to use a suitable 

25 counterweight for the structure that bears the pulley, with 
the objective to minimize the loss of balance of the pulley 
during its rotation. Typically, such counterweight is 
symmetrically arranged with respect to the pulley referring 
to the fiber drawing axis, in order to counterbalance the 

30 rotating pulley mass. Advantageously, such counterweight 
could be integral with the supporting member (15) on which 
the pulley is pivoted. In particular, the supporting member 
may be provided with such a shape and size as to obtain a 
proper mass distribution in order to balance the rotating 

35 pulley mass, making the center of mass of the structure: 
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pulley-supporting member, coincident with the point where 
the optical fiber is tangent to the groove of the pulley. 

The above described pulley preferably has a diameter in the 
range from about 3 0 mm to about 100 mm, a diameter equal to 
about 60 mm being particularly preferred. 

With reference to apparatus 1 described hereinabove, a 
method for manufacturing an optical fiber according to this 
invention will now be disclosed. 

In order to simplify the description hereinbelow, reference 
will be made to the operating steps of the method while 
already in steady conditions, thus disregarding the start- 
up steps of the manufacturing process. 

In a first step of the method, the portion 3a of the 
silica-based preform 3 is heated in the furnace 2, so as to 
melt the silica-based material and forming an optical fiber 
100 having a diameter of about 12 5 jim. 

Thereafter, the optical fiber 100 formed from the heated 
end portion 3a of the preform 3 is drawn by the drawing 
means 4 at a predetermined speed, preferably in the range 
of about 15 m/s. 

In a following step, the optical fiber 100 is first cooled 
in the cooling device 5 and then coated with a suitable 
protective film, consisting by way of example of acrylic 
resin having a thickness of about 62,5 |am upon passing 
through the coating stations 6, 6' and the UV-ray furnaces 
7 and 7' for crosslinking the applied resin. 

According to the invention, a torque varying according to a 
predetermined law of variation is subsequently applied to 
the so coated optical fiber 100 by means of the pulley 16 
of the twisting device 8. 

In a preferred embodiment, the pulley 16 is rotated about 
the fiber drawing axis I-I by the motor means 17. The 
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rotation speed of the pulley 16 may be constant or varying, 
and according to a unidirectional or alternate movement in 
clockwise and counterclockwise direction, respectively; in 
an alternative embodiment, the rotation speed of the pulley 
5 16 may vary in a random way. 

In such step, the optical fiber 100 is wound up on the 
pulley 16 while being continuously kept in contact with the 
bottom surface 27 of the pulley 16 for an angle 
substantially equal to about 360°, in such a way that the 

10 fiber is wound up on the pulley for about a complete turn. 
If desired, it is possible to wind the fiber up about the 
pulley for a number of turns greater than one, that is for 
an angle greater than 360° , for instance for an angle equal 
to about 72 0° corresponding to a winding of about two turns 

15 of fiber about the pulley. A winding of the optical fiber 
about the pulley for a number of turns greater than one, by 
increasing the contact surface between the optical fiber 
and bottom surface of the pulley, allows to use a pulley 
consisting of material with a relatively low coefficient of 

20 friction, in particular smaller than about 0.4. 

In any case, it would be preferable to wind up the fiber 
around the pulley for an angle not exceeding 720°, so that 
the fiber is not subjected to an undesirably high drawing 
tension . 

25 The fiber 100 is further partially in contact with one of 
the two side walls 28a, 28b and, on the other side, with a 
small portion of new optical fiber 100 entering the pulley 
16 and moving in the same direction and with a speed equal 
to that possessed by the fiber leaving the pulley. 

3 0 Therefore a torque is applied to the optical fiber 10 0 , 
which is capable to compensate the imperfections and 
irregularities which are inherently present in the fiber 
itself or which are generated during the subsequent 
manufacture of a cable which contains such fiber and/or 

35 during its wiring, thus considerably reducing the PMD 
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phenomenon . 

In a final step of the method, the twisted optical fiber 
100 leaving the pulley 16 crosses the through bore 25 of 
the pin 18, which coaxially extends along the fiber drawing 
5 axis I- 1 and reaches the drawing means 4 from which the 
fiber is delivered to the collecting spool 9. 



The various advantages of the present invention with 
respect to the prior art are immediately evident from the 
10 description reported hereinabove. 

Firstly, the method of the present invention allows to 
notably increase the drawing speed of the optical fiber 
without incurring in the risk of having relative sliding 
between the pulley 16 and the fiber 100, thus increasing 
15 the amount of optical fiber produced per unit of time. 

Thanks to the reduced inertia of the pulley 16 and of the 
moving parts of the driving group 12, moreover, it is 
possible not only to effectively apply the desired law of 
torque variation to the optical fiber 100, minimizing at 
20 the same time the risk of losing the twist effect, but also 
to use motors 17 of reduced power and cost with respect to 
those used in the prior art . 

Advantageously, the method of the invention also allows to 
apply the desired number of twists to the optical fiber 100 
25 in substantial absence of oscillations of the fiber about 
its own drawing axis I- 1; this allows a greater uniformity 
both of the fiber diameter and of the thickness of the 
coating layer applied thereon. 

Lastly, the structural features of the pulley 16 allow both 
30 to facilitate the winding and unwinding steps of the 
optical fiber 100, and to adopt drawing forces which are 
smaller than those used in the devices of the prior art 
with a proper choice of the material which constitutes the 



* * * * * * * 
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pulley itself. 
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CLAIMS 



1. A method for manufacturing an optical fiber from a 
preform (3), comprising the steps of: 

a) heating at least one end portion (3a) of said preform 



b) drawing an optical fiber (100) from a free end of said 
heated end portion (3a) along a fiber drawing axis (I -I) ; 

c) coating said optical fiber (100) with a suitable 
coating material; 

10 d) applying to said coated optical fiber (100) a torque 
about said fiber drawing axis (I -I) , 

e) winding said coated optical fiber (100) onto a 
collecting spool (9) , 

characterized in that step d) is carried out by means of a 
15 pulley (16) supported upstream of said collecting spool (9) 
and rotated about said fiber drawing axis (I-I) , said 
optical fiber (100) being wound up onto said pulley (16) 
for an angle of at least about 360°. 

2. The method according to claim 1, wherein said pulley 
20 (16) is rotated about said fiber drawing axis (I-I) at a 

constant rotation speed. 

3. The method according to claim 1, wherein said pulley 
(16) is rotated about said fiber drawing axis (I-I) at a 
varying rotation speed. 

25 4. The method according to claim 3, wherein said pulley 
(16) is rotated about said fiber drawing axis (I-I) 
alternately in clockwise and counterclockwise direction. 



5 



(3) ; 



5. A method for manufacturing an optical fiber from a 
preform (3), comprising the steps of: 
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a) heating at least one end portion (3a) of said preform 



b) drawing an optical fiber (100) from a free end of said 
heated end portion (3a) along a fiber drawing axis (I -I) ; 

5 c) coating said optical fiber (100) with a suitable 
coating material; 

d) applying to said coated optical fiber (100) a torque 
about said fiber drawing axis (I-I) , 

characterized in that the optical fiber (100) is drawn from 
10 the preform (3) at a drawing speed greater than 15 m/ s . 

6. A device for applying to an optical fiber (100), drawn 
at a predetermined speed from a heated end (3a) of a 
preform (3), a torque about a drawing axis (I-I) thereof, 
characterized in that it comprises an idle-mounted pulley 

15 (16) which is rotated about said drawing axis (I-I) by 
reS p ect ive driving means (12) , said optical fiber (100) 
being wound up onto said pulley (16) for an angle 
substantially equal to at least 360°. 

7. The device according to claim 6, further comprising 
2 0 means (17) for rotating said pulley about the fiber drawing 

axis (I-I) alternately in clockwise and counterclockwise 
direction. 

8. The device according to claim 6, wherein said driving 
means (12) comprises a motor-driven fork-shaped supporting 

25 member (15) , having a rotation axis coincident with the 
drawing axis (I-I) of the fiber and on which said pulley 
(16) is pivoted in an offset position, in such a way as to 
be substantially tangent to said axis (I-I) . 

9. The device according to claim 6, wherein said pulley 
30 (16) is provided with a substantially V-shaped groove (26) 

for receiving said optical fiber (100) . 



(3) ; 
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10. The device according to claim 9, wherein said groove 
(26) comprises opposite side walls (28a, 28b) forming with 
a plane of symmetry (n) of the pulley (16) an angle (cp) in 
the range between 65° and 75°. 

5 11. The device according to claim 9, wherein said groove 
(26) comprises opposite side walls (28a, 28b) having a 
first radially outer portion (29a, 29b) forming with a 
plane of symmetry (n) of the pulley (16) an angle ((p x ) in 
the range between 65° and 75° and a second radially inner 
10 portion (30a, 30b) forming with said plane of symmetry (n) 
an angle (<p 2 ) in the range between 25° and 35°. 

12. The device according to claim 11, wherein said first 
and second portion (29a, 29b, 30a, 30b) of said side walls 
(28a, 28b) are reciprocally connected by means of an 

15 intermediate portion (31a, 31b) which has a radius of 
curvature in the range between 0 and 2 mm. 

13. The device according to claim 9, wherein said groove 
(26) comprises a substantially planar bottom surface (27) . 

14. The device according to claim 6, wherein said pulley 
20 (16) is made of a suitable material adapted to develop with 

said optical fiber (100) a coefficient of friction which 
assures a substantial absence of sliding during the winding 
up of the fiber (100) onto the pulley (16) . 

15. The device according to claim 14, wherein said 
25 coefficient of friction is greater than about 0,4. 

16. An apparatus (1) for manufacturing an optical fiber 
(100) from a preform (3) , comprising: 

- means (2) for heating at least one end portion (3a) of 
said preform (3) ; 

30 - means (4) for drawing an optical fiber (100) from a free 
end of said heated end portion (3a) along a fiber drawing 
axis (I-I) ; 
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- at least one coating station (5, 6) of said optical fiber 
(100) ; 

- a spool (9) for collecting said coated optical fiber 
(100) , 

characterized in that it comprises, downstream of said at 
least one coating station (5, 6) and upstream of said spool 
(9) , a twisting device (8) of the fiber (100) according to 
anyone of claims 6 to 15 . 



WO 99/67180 



PCT/EP99/04292 



2/3 




FIG.2 



# 



ERNATIONAL SEARCH REPORT 



0- 



Intr itlonal Application No 

PU/EP 99/04292 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 C03B37/03 C03C25/00 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 C03B C03C 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



PATENT ABSTRACTS OF JAPAN 
vol. 7, no. 91 (C-162), 
15 April 1983 (1983-04-15) 

6 JP 58 020746 A (NT&T CORP.), 

7 February 1983 (1983-02-07) 
abstract 

DE 30 10 005 B 

( LICEBTIA-PATENT-VERWALTUNGS-GMBH ) 
12 February 1981 (1981-02-12) 
column 2, line 48 -column 3, line 15; 
figure 1 

-/- 



1,6,16 



1,6,16 



Further documents are listed In the continuation of box C. 



ID 



Patent family members are listed in annex. 



9 Special categories of cited documents : 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international 

filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

*P" document published prior to the international filing date but 
later than the priority date claimed 



"T B later document published after the international filing date 
or priority date and not in conflict with Ihe application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance: the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
In the ait 

document member of the same patent family 



Date of the actual completion of the international search 



14 October 1999 



Date of mailing of the international search report 



27/10/1999 



Name and mailing address of the ISA 

European Patent Office, P.B. 581 8 Patentlaan 2 
NL - 2280 HV Rijswiik 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized officer 



Stroud, J 



Form PCT7ISA/210 (second sheet) (July 1992) 



page 1 of 2 



ERNATIONAL SEARCH REPORT 



Inic itlonal Application No 

PLi/EP 99/04292 



C(Cominuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 0 


Citation of document, with indication, where appropriate, of the relevant passages 




A 


PATENT ABSTRACTS OF JAPAN 
vol. 18, no. 625 (C-1279), 

29 November 1994 (1994-11-29) 

& JP 06 239642 A (FUJIKURA LTD.), 

30 August 1994 (1994-08-30) 
abstract 


1,6,16 


A 


EP 0 078 733 A (TH0MS0N-CSF) 
11 May 1983 (1983-05-11) 
figure 4 


1,6 


A 


EP 0 795 521 A (SUMITOMO ELECTRIC 
INDUSTRIES, LTD.) 
17 September 1997 (1997-09-17) 
figures 5-10 


1,6 


A 


WO 97 26221 A (CORNING INC. ) 
24 July 1997 (1997-07-24) 
figure 17 


1,6 


A 


WO 97 22897 A (CORNING INC.) 
26 June 1997 (1997-06-26) 
figure 5 


1,6 


A 


WO 97 07067 A (PLASMA OPTICAL FIBRE B.V.) 
27 February 1997 (1997-02-27) 
figures 1,2 


1,6 


A 


EP 0 744 636 A (AT&T IPM CORP.) 
27 November 1996 (1996-11-27) 
figures 1-4 


1,6 


A 


EP 0 729 919 A (SUMITOMO ELECTRIC IND. , 
LTD.) 4 September 1996 (1996-09-04) 
figures 3-10 


1,6 


A 


EP 0 582 405 A (AT&T CO. ) 
9 February 1994 (1994-02-09) 
cited in the application 
figures 1,3-5 


1,6 



Form PCT71SA/210 (continuation of second sheet) (July 1992) 



page 2 of 2 



V 



I 



RNATIONAL SEARCH REPORT 



Information on patent family members 



Inu-- -ational Application No 

PCi/EP 99/04292 



Patent document 




Publication 


Patent family 




Publication 


cited in search report 




date 


member(3) 




date 


u r 




A 


07-02-1983 


JP 


1590765 


G 


30-11-1990 










JP 


2011532 


B 


14-03-1990 


DE 


3010005 


B 


1 O O O 1 AOI 

12-02-1981 


NONE 








JP 


06239642 


A 


oa no i o o /i 

30-08-1994 


NONE 








EP 


0078733 


A 


11-05-1983 


FR 


2515693 


A 


06-05-1983 










JP 


58088135 


A 


26-05-1983 










US 


4427717 


A 


24-01-1984 


EP 


0795521 


A 


-i -i f\r\ t t\t\ ~t 

17-09-1997 


JP 


9243833 


A 


1 Q—MQ— 1 QQ7 


— 
WO 




9726221 


A 


24-07-1997 


AU 


1579497 


A 


11-08-1997 










CA 


2242989 


A 


24-07-1997 










CN 


1209793 


A 


03-03-1999 










EP 


0876305 


A 


11-11-1998 










JP 


11508221 


T 


21-07-1999 


WO 


9722897 


A 


26-06-1997 


US 


5704960 


A 


06-01-1998 










AU 


705950 


8 












AU 


1288097 


A 


14-07-1997 




- 






CA 


2210470 


A 


26-06-1997 










CN 


1176005 


A 


11-03-1998 










EP 


0811176 


A 


10-12-1997 










JP 


11501133 


T 


oc.ni —1 QQQ 










US 


5822487 


A 


13-10-1998 


WO 


9707067 


A 


27-02-1997 


CN 


1166165 


A 


26-11-1997 










EP 


0785913 


A 


JU U/ Is"/ 










JP 


10507438 T 


21-07-1998 










US 


5897680 


A 


27-04-1999 


EP 


0744636 


A 


27-11-1996 


CA 


2172747 


A 


9C_1 1—1 QQA 










CN 


1159589 


A 


17-09-1997 










JP 


9002834 


A 


07-01-1997 


EP 


0729919 


A 


04-09-1996 


JP 


8295528 


A 


12-11-1996 










AU 


690414 


B 


23-04-1998 










AU 


4584296 


A 


05-09-1996 


EP 


0582405 


A 


09-02-1994 


US 


5298047 


A 


29-03-1994 










CA 


2098747 A,C 


04-02-1994 










CN 


1083449 A,B 


09-03-1994 










JP 


6171970 


A 


21-06-1994 










MX 


9304583 


A 


28-02-1994 










US 


5418881 


A 


23-05-1995 



Form PCT/ISA/210 (patent family annex) (July 1992) 



